OBJECTIVEdTo test the hypothesis that the risk of persistent glucose impairment after gestational diabetes mellitus (GDM) is increased in patients with polycystic ovary syndrome (PCOS).
RESULTSdAt 18 months after delivery, the incidences of IFG, IGT, and IFG-IGT were significantly (P , 0.05) higher in the cases than in the controls. At the 18-month follow-up, the RR for the composite outcome of glucose metabolism impairment in PCOS women was 3.45 (95% CI 1.82-6.58).
CONCLUSIONSdPatients with PCOS are at increased risk for a persistent impaired glucose metabolism after GDM.
Diabetes Care 35:861-867, 2012 P olycystic ovary syndrome (PCOS) is a common multifaceted disease that is characterized by ovulatory disorders, hyperandrogenism, and polycystic ovaries (PCOs) on ultrasonography (1) . Several other features, such as obesity and insulin resistance, are related to PCOS and represent risk factors for alterations in glucose metabolism (2) . In fact, patients with PCOS have an increased incidence of impaired glucose tolerance (IGT), impaired fasting glucose (IFG), and diabetes mellitus (DM) (3) .
This PCOS-related metabolic impairment has an additive effect on the natural state of insulin resistance observed during pregnancy (4) by worsening the baseline insulin resistance and leading to an increased risk for several complications of pregnancy, particularly gestational DM (GDM).
Preliminary meta-analytic data (5,6) have given discordant results regarding the increased risk for GDM in PCOS subjects. Furthermore, a more recent metaanalysis (7) , including 18 studies that had the GDM risk in PCOS as an end point for a total of 2,385 PCOS and 89,669 control patients, confirmed that the risk of GDM is approximately three times higher in pregnant patients with PCOS compared with the non-PCOS population.
Moreover, GDM is not only important because of the obstetrical complications but also because of the long-term metabolic sequelae from the persistence of glucose metabolism alterations. In fact, the incidence of DM and IGT in the population with prior GDM is ;14 and 40%, respectively (8) .
After pregnancy, the presence of PCOSrelated features, such as hyperandrogenism and/or insulin resistance, could increase the incidence of a prediabetic or diabetic state, which would impair the normal improvement of the insulin-glucose metabolism. To our knowledge, no studies in the literature have assessed the incidence of glucose metabolism alterations in the PCOS patients with GDM. The aim of the current study was to test the hypothesis that PCOS increases the risk of persistent glucose impairment in patients with previous GDM.
RESEARCH DESIGN AND
METHODSdA more complete and detailed RESEARCH DESIGN AND METHODS has been provided in the Supplementary Appendix.
Design
The current report is a prospective casecontrol study.
Ethics
The procedures used in the study protocol were in accordance with the Helsinki Declaration on human experimentation guidelines. The study was approved by the Ethical Committee of the Department of Obstetrics and Gynecology of the Magna Graecia University of Catanzaro. The purpose of the protocol was carefully explained to all women, and their written consent was obtained before entering the study.
Subjects
Between February 2003 and October 2009, 243 pregnant patients were screened for GDM and PCOS from a large population of women who were suffering from hyperandrogenism and/or ovulatory disorders and seeking pregnancy, and 42 subjects were included in this study protocol as cases. In addition, other 84 non-PCOS, pregnant patients with GDM were screened in our GDM ambulatory and enrolled, after matching procedure for age and BMI with cases, as controls.
A clinical evaluation, a complete hormonal and metabolic pattern assessment, and a 2-h, 75-g oral glucose tolerance test (OGTT) were preliminarily evaluated in each subject before pregnancy to confirm or exclude the diagnosis of PCOS (for cases and controls, respectively) and of pre-existing DM.
PCOS was diagnosed before pregnancy according to the international criteria (1), whereas pregnant patients were included as controls if they had regular menstrual cycles before pregnancy, no signs of clinical hyperandrogenism, normal ranges of serum androgen levels, and no PCO morphologies on transvaginal ultrasonography.
In each subject, GDM was defined as any degree of glucose intolerance with onset or first recognition during pregnancy using well-recognized criteria (9) . In particular, glucose concentrations were measured at basal and after a 2-h, 75-g OGTT in women who were not previously diagnosed with overt DM between the 24th and 28th weeks of gestation (9) .
For all patients, the exclusion criteria consisted of the following: age .35 years, severe obesity, multiple pregnancies, a gestational age at the GDM diagnosis that was .28 or ,24 weeks, medical conditions or other concurrent medical illnesses, a previous diagnosis of DM, cigarette smoking, drug/alcohol abuse, noncompliance with our study protocol, and a previous use of any antidiabetic drugs.
Protocol
At baseline and throughout the study period, each subject was monitored with clinical, biochemical, and ultrasonographic assessments according to a specific schedule. Upon entering the study, the socio/ economic, work, and educational statuses and associated medical conditions were carefully assessed for each subject. In addition, the women were asked to complete a questionnaire on their family history of DM or complicated pregnancies.
Clinical and ultrasonographic assessments were performed at study entry and every 4 weeks until delivery. The clinical evaluation consisted of an obstetric examination, anthropometric measurements, and heart rate and blood pressure assessments. During the same visits, the daily diet and physical activity were monitored in all patients using two wellvalidated questionnaires. Biochemical assessments were performed for each subject monthly.
At study entry, a 2-h, 75-g OGTT (see above), A1C levels, insulin resistance, and b-cell function were evaluated. In particular, insulin resistance was assessed with the use of two surrogate indexes, i.e., the insulin sensitivity index (ISI OGTT ) and the homeostasis model assessment of insulin resistance (HOMA-IR), whereas insulin secretion-sensitivity index-2 (ISSI-2) was used as measure of b-cell function.
The monitoring and ongoing care were given by the attending obstetrical team with a physician's support. Interventions included individualized medical nutrition therapy (MNT), self-monitoring of blood glucose (SMBG), and insulin therapy, with the dose adjusted on the basis of glucose levels. The goals of GDM therapy were to maintain the maternal capillary glucose concentrations at ,96 mg/dL (5.3 mmol/L) in the fasting state and ,140 mg/dL (7.8 mmol/L) at 1 h and ,120 mg/dL (6.7 mmol/L) 2 h after initiation of a meal.
Treatment compliance was evaluated by an examination of the self-reported daily diary that was performed at each follow-up visit. The adherence to the interventions (MNT, SMBG, and insulin therapy) was defined as high, moderate, or low according to multidisciplinary parameters.
During the study, all subjects underwent trans-abdominal ultrasonographic evaluations, which consisted of measurements of fetal growth and abdominal circumference, the placenta's location and grade, and an amniotic fluid index. An umbilical artery pulsatility index and cardiotocography were performed when required. Each subject was advised to monitor fetal movements during the last 8-10 weeks of pregnancy and to immediately report any reduction in their perception.
At hospital discharge, persistent hyperglycemia was evaluated by measuring fasting glucose levels and MNT, whenever it was confirmed. If necessary, pharmacological therapy was continued. The maternal, perinatal, and neonatal outcomes were noted for each patient.
Each patient underwent three followup visits at 6 weeks, 12 weeks, and 18 months after delivery. In particular, each patient underwent anthropometric measurements and biochemical assessments, which consisted of a complete blood count, serum glucose, insulin, and A1C levels at baseline, and glucose concentrations during a 2-h, 75-g OGTT.
The presence of DM or prediabetes was evaluated at each follow-up visit. In particular, DM was diagnosed when the fasting plasma glucose levels were $126 mg/dL (7.0 mmol/L) and/or the 2-h plasma glucose levels were $200 mg/dL (11.1 mmol/L) during a 75-g OGTT. Conversely, hyperglycemia, which was not sufficient to meet the diagnostic criteria for DM, was defined as prediabetes and categorized as either IFG or IGT depending on whether it was identified through the fasting plasma glucose levels or the OGTT. At each follow-up visit, the rate of breast-feeding and its frequency and duration were also evaluated.
Statistical analysis
Categorical variables were compared by using Pearson x 2 or Fisher exact test. The normal distribution of the continuous variables data was evaluated with the use of a Kolmogorov-Smirnov test, and a log transformation was used for the nonnormal data. Thus, our data were expressed as the mean 6 SD. Continuous variables were analyzed with a one-way ANOVA and an ANOVA for repeated measures with a Bonferroni test for the post hoc analysis. The relative risk (RR) was calculated with a 95% CI for composite outcomes and for each alteration of glucose homeostasis. Forward, stepwise, multivariate, logistic regression analysis was performed to identify independent predictors of a persistent glucose metabolism impairment. Statistical significance was set at P , 0.05.
RESULTSdBefore pregnancy, the cases and controls were significantly (P , 0.05) different by the Ferriman-Gallwey score and for testosterone, androstenedione, dehydroepiandrostenedione, sex-hormone binding globulin, free androgen index, and fasting insulin levels and HOMA-IR (data not shown). No other significant differences in any clinical and biochemical data were detected between the cases and controls (data not shown).
At the same time, the distribution between cases and controls of obese (15 [ Table 1 .
No differences between groups were observed in socio/economic status, daily diet, and physical activity (data not shown). All case and control subjects underwent MNT and SMBG, whereas the rate of patients who needed insulin therapy was higher for the cases than the controls ( The main maternal, perinatal, and neonatal outcomes recorded in the cases and controls are detailed in Table 2 . A total of 16 out of 42 cases (38.1%) and 15 out of 84 controls (17.9%) had adverse maternal/perinatal/neonatal outcomes (P = 0.017). No differences between groups were recorded in the placental location and grade distribution, amniotic fluid index, and mean umbilical artery pulsatility index (data not shown).
In Table 3 , the BMI measurements and glucose metabolism parameters that were recorded at 6 weeks, 12 weeks, and 18 months after delivery for the cases and controls are reported. At each follow-up after delivery, a trend (0.05 , P , 0.07) toward a significantly higher BMI was observed in the cases compared with controls (Table 3) . No significant differences were observed in other anthropometric measurements (data not shown). A significant (P , 0.05) difference between the cases and controls was detected in the HOMA-IR and ISI OGTT at each follow-up evaluation ( Table 3 ). The OGTT parameters (including ISSI-2) were significantly (P , 0.05) different between cases and controls only after 18 months.
At the 18-month follow-up, a significant (P , 0.05) improvement in the OGTT parameters and in the IGT and IFG-IGR incidence were observed in the control group (Table 3) . At the same follow-up visit, a significant (P , 0.05) difference in the IGT, IFG, IFG-IGR, and DM incidence was detected between the cases and controls (Table 3) .
The rate of patients who breast-fed was significantly (P = 0.019) lower in cases than in controls (27 of 42 [64.3%] vs. 71 of 84 [84.5%], respectively). Additionally, the duration (months) of breast-feeding was significantly lower in cases than in controls (2.1 6 1.1 vs. 5.3 6 2.6; P = 0.007), whereas its daily frequency was not different between groups (3.6 6 1.2 vs. 4.8 6 2.1, respectively; P = 0.122).
The RRs for IGT, IFG, IGT-IFG, and DM after GDM in PCOS women were 4.0 (95% CI 1.05-15.02; P = 0.042), 2.80 (95% CI 0.94-8.3; P = 0.063), 4.0 (95% CI 0.76-20.96; P = 0.101), and 4.0 (95% CI 0.37-42.86; P = 0.252), respectively. The RR for the composite outcome of glucose metabolism impairment after GDM in PCOS women was 3.45 (95% CI 1.82-6.58; P = 0.0002).
The composite outcome was significantly influenced by BMI (P = 0.010) and the presence of hyperandrogenism (P = 0.032), oligo-anovulation (P = 0.044), IGT (P = 0.011), and IFG (P = 0.007) before pregnancy. The need for insulin therapy during pregnancy (P = 0.036) and the breast-feeding (P = 0.024) also significantly influenced the composite outcome.
CONCLUSIONSdGDM is present in 0.6-15% of pregnancies, and it is associated with a potential recurrence of GDM (10) and an increased risk for the development (3, 12) . In particular, the incidence of developing DM after GDM may vary between 20 and 60% within 5 years of pregnancy (13) . This wide variability depends on the characteristics of the population studied (14) .
In the current study, we wanted to evaluate the hypothesis that PCOS is a pathologic condition with an increased risk for the persistence/development of an impairment in glucose metabolism after GDM. Our study hypothesis was based on recognition of the syndrome as a condition related to several risk factors for IGT and cardiovascular diseases (3), to an increased risk for GDM (7) , and to an increased conversion rate form normal glucose tolerance to IGT and from IGT to DM (15, 16) .
To this aim, we prospectively enrolled 42 consecutive subjects who satisfied standardized criteria for both PCOS (1) and GDM (9) , and who were representative of the PCOS population because the distributions of phenotypes, such as of IGT/IFG and BMI, reflected those described in the literature (3). A well-selected sample of non-PCOS women with GDM, who had similar characteristics and risk factors, were selected as controls. In addition, cases and controls were also similar in prepregnancy conditions, such as parity and incidence of IGT or IFG. All these points strengthen the findings obtained in the current study.
At 6 weeks, 12 weeks, and 18 months after delivery, the incidences of DM and prediabetes, i.e., IGT, IFG, and IFG-IGT, as single events or a composite outcome, were evaluated in the current analysis. In the non-PCOS controls with GDM, we demonstrated a sharp improvement in the glycemic pattern and metabolic condition after delivery, with an incidence of DM and prediabetes of 1.2 and 12.0%, respectively, at the 18-month follow-up. Alternatively, a persistence of a glucose alteration was observed in 45.2% patients with PCOS at the same follow-up visit. Specifically, DM, IFG-IGT, IFG, and IGT were found in 4.8, 9.5, 16.7, and 14.3% of PCOS women, respectively, which reached statistical significance compared with the controls for all end points except DM, which was likely due to the small sample studied.
Our findings demonstrated that women with PCOS and GDM had a 3.5-fold higher risk for impaired glucose metabolism after delivery than the non-PCOS controls. This increased risk reached statistical significance for IGT and the composite outcome. In addition, although the cases and controls had a comparable adherence to the treatment and were similarly treated with MNT and SMBG at diagnosis of GDM, the subjects affected by PCOS had a lower glycemic control and more frequently were in need of insulin therapy than controls.
At present, no specific data that could explain our findings are available in the literature. The multivariate logistic regression analysis, which was performed for this purpose, showed that the composite outcome was influenced by several factors occurring before pregnancy (such as BMI, hyperandrogenism, oligoanovulation, glucose abnormalities, and insulin resistance), during pregnancy (such as the need for insulin therapy), and after pregnancy (such as the breast-feeding), suggesting that, probably, various factors interact, increasing the risk of glucose metabolism impairment after GDM in PCOS women.
PCOS patients have a higher risk of conversion from normal glycemia to IGT or DM, irrespective of pregnant state (14) (15) (16) . This higher risk for glucose metabolism impairment seemed strongly related to insulin resistance and influenced by BMI (15) . In fact, PCOS is a condition that is characterized by a chronic insulinresistant state present before pregnancy, as was observed in the current study, and is exacerbated by the physiological changes that lead to insulin resistance during pregnancy (4). In this regard, adverse maternal/ perinatal/neonatal outcomes, which are related to the insulin resistance state (such as pregnancy-induced hypertension, preeclampsia, the type of delivery, and the gestational age at delivery) (17) , occurred more frequently in PCOS patients than in the controls.
After delivery, the insulin resistance remained worse in PCOS women than in non-PCOS controls. This abnormality, already described for PCOS, resulted from a combination of increased insulin resistance with defective pancreatic b-cell function (18) . It has recently been demonstrated that in women with IGT during pregnancy, hepatic insulin resistance is an early determinant of declining b-cell function after gestational dysglycemia in the first postpartum year (13) . The current analysis confirmed the impaired insulin resistance state in PCOS women during the early postpartum follow-ups. Moreover, at the same time, a b-cell dysfunction, assessed by means-appropriate test, was also observed more frequently in PCOS women. It would be interesting to identify PCOS-related factors that influence the insulin resistance state and the b-cell function, with subsequent persistence of glucose alterations. In this regard, a subanalysis of our results based on the PCOS phenotypes would be clinically useful for evaluating major factors associated with abnormal glucose tolerance in PCOS. Unfortunately, this analysis was not done because our sample was too small for that aim. In addition, the roles of the different phenotypes of PCOS on the metabolic pattern are still debated (19) (20) (21) (22) (23) .
Our data confirmed (24) that women with PCOS have a reduced breast-feeding rate and duration, losing the beneficial effect of lactation on glucose metabolism and insulin sensitivity that may reduce DM risk after GDM pregnancy (25) . Thus, the reduced breast-feeding could be a further factor that interacts with others playing a role in the persistent impaired glucose metabolism after GDM in highrisk patients, such as PCOS subjects.
On the basis of these considerations, PCOS should be considered a high-risk condition for glucose impairment after GDM. Thus, two main points of debate should be discussed: 1) the need for an accurate follow-up in order to recognize early glucose impairments and 2) strategies to prevent the decline in glucose metabolism.
With regard to the first point, the American Diabetes Association has included PCOS among the criteria for DM testing of asymptomatic adult individuals at the first prenatal visit (evidence level B) (26) . Moreover, a recent prospective study (27) provided insights into the relative accuracy of the various clinical methods used to detect prediabetes and DM in women with PCOS and demonstrated the accuracy of both OGTT and A1C for DM screening. Alternatively, a lower level of evidence has been demonstrated regarding postpartum surveillance, which suggests screening women with GDM for persistent DM 6-12 weeks postpartum and lifelong screening for the development of DM or prediabetes at least every 3 years (26) . At present, no data on specific indications for postpartum screening in PCOS women are available, but screening these women more frequently has been advised because most will have additional risk factors for developing DM, including obesity, glucose intolerance, and insulin resistance (27) . The same authors (27) suggested that PCOS women with prediabetes or DM should be considered as having insulin resistance and the remaining women should undergo HOMA-IR and insulin level assays to identify insulin resistance. With regard to preventative strategies, all interventions that are able to affect the risk factors for GDM and the persistence of glucose alterations, i.e., obesity, hyperandrogenism, oligo-anovulation, glucose abnormalities, and insulin resistance, should be recommended for PCOS women seeking pregnancy.
The prevention of DM, and translationally of GDM, was defined as a long and winding road without a shortcut, and a persistent and prolonged intensive lifestyle intervention seems to be the most effective treatment (28) . In PCOS women, lifestyle modification improves body composition, hyperandrogenism, and insulin resistance (29) . In addition, for women with GDM, a lifestyle intervention that starts during pregnancy and continues postpartum is feasible and may prevent pregnancy weight retention and also may help overweight women lose weight (30) .
However, the main challenge of "real life" behavioral changes is the adherence to the program; therefore, pharmacological therapies alone or in combination with lifestyle programs have been proposed to reduce development of DM in high-risk subjects (31) . In PCOS women, insulinsensitizing drugs, such as metformin, have been proven to be effective on hormonal and metabolic features of the syndrome (32) . However, the effect of metformin on GDM prevention in pregnant PCOS subjects is still controversial (33-37). Additional well-designed studies on an adequate sample population to evaluate the effect of metformin administration before and during pregnancy on GDM development in PCOS are needed.
In conclusion, patients with PCOS are at an increased risk for persistent impaired glucose metabolism after GDM. In this population, accurate follow-ups and preventative strategies should be adopted to avoid long-term consequences.
in women with polycystic ovary syndrome treated with metformin and diet. 
